Maturation of cortical bone suppresses periosteal osteoprogenitor proliferation in a paracrine manner.
Periosteum contains enriched pools of osteogenic progenitors and is highly proliferative, thus giving this tissue a pivotal role in maintaining the diameter of the diaphyseal cortex and in recovery from fractures. Although periosteal proliferation has not been detected in normal bone, intense periosteal proliferation has been observed in pathologic states such as fracture, inflammation, and bone tumors. However, the mechanism by which periosteal osteoprogenitor proliferation is regulated remains poorly understood. To investigate this regulation mechanism, osteoblast/osteocyte-specific conditional knockout mice were developed lacking Smad4 and Osx, two factors that are essential for osteoblast differentiation and matrix mineralization. In Smad4 (Col) and Osx (Col) mice, osteocalcin, Dmp-1, and sclerostin expression were significantly decreased in the cortical bone. Interestingly, although Cre activity was not observed in the periosteum, the proliferation of periosteal osteoprogenitors was enhanced in Smad4 (Col) and Osx (Col) mice, as assessed by 5'-bromo-2'deoxyuridine incorporation and proliferating cell nuclear antigen localization. Since Wnt signaling is a major factor affecting periosteal proliferation, we evaluated Wnt signaling in the periosteum. The expression levels of β-catenin and Lef-1 were increased in the periosteal osteoprogenitors. Moreover, the mRNA levels of β-catenin, cyclin D1, Lef-1, and Axin2, all of which are Wnt target genes, were significantly increased in the periosteum of both Smad4 (Col) and Osx (Col) mice. These results indicated that extracellular proteins secreted by mature osteoblasts and osteocytes suppress the proliferation of periosteal osteoprogenitors by blocking Wnt signaling in a paracrine manner. Our data suggest a new concept of periosteal bone healing and periosteal bone formation.